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Introduction
Breast cancer is the most common cancer among women in the world [1] . In France, about 50 000 women are diagnosed with breast cancer each year [2] . Breast tumours are classified into one of four clinically pertinent molecular subtypes based on the joint status of the hormone receptors (oestrogen and progesterone) and human epidermal growth factors receptor 2 (HER2) [3, 4] . The hormone receptors (HR) and HER2 receptors are said to be positive if they are overexpressed in a tumour cell. The HR-positive tumours are the most common at diagnosis (80%), and the HER2-positive represents about 15-20% [5] . Receptor testing is readily available and performed routinely during breast cancer diagnosis in France. The information on receptors is of clinical importance since treatment options are selected based on the joint receptor status. Each subtype has its own distinct histological profile and risk factors [2] . The HER2+ tumours are known to be very aggressive and have poor survival in women [3] . Nowadays, the HR+/HER2+ subtype has a better prognosis, particularly in metastatic tumours because it has molecular targets for hormone therapy as well as other targeted treatments like Trastuzumab (Herceptin TM ) [4] . Tumours which are negative for both hormone receptors (HR) and HER2 receptor are called triple negative tumours (TN). These TN tumours have the worst prognosis and affect more often underprivileged women in the USA [5, 6] . Socioeconomic status influences the exposure to several risk factors which could modify tumour biology [7, 8] . It has been shown that women in high poverty areas tend to secrete more oestrogen when compared to women with a more affluent socioeconomic status [8] . Few studies have looked at the association between socioeconomic status and tumour subtypes [9] [10] [11] [12] [13] [14] . Among these studies, there have been registry based analyses where a significant association between the SES and the breast cancer subtype in American women was observed, in particular among the TN cases who had higher odds of being in the lowest socioeconomic stratum when compared to the other subtypes To this date no study has been done investigating this association in women residing in France. Our objective is to study the association between socioeconomic status and breast cancer subtype at diagnosis among women in the French county of Côte d'Or.
Methods

Study population
A population-based study was undertaken using data from the Côte d'Or breast and gynaecological cancer registry. This Breast and Gynaecological Cancer Registry is the only one in France that focuses on breast and gynaecological cancers. It has been collecting comprehensive population-based data since 1982 in this area located in the northeast of France. Women with primary invasive breast cancer and living in the rural county of Côte d'Or at the time of diagnosis were retrospectively selected from January 2003 to December 2013 to be included in this study. The year 2003 is the year that the registry began collecting systematically data for HER2. The data extraction which was performed was anonymized prior to reception of the data by the investigators and did not carry the patient's names or personal information which could identify them (name initials). The registry has the necessary regulatory agreements to use the patient data from the National Commission on Informatics and Liberty (CNIL), aimed at ensuring the application of data privacy laws. (CNIL authorisation number DR-2012-038).
Variables
The Socioeconomic status for each case was determined by using the French European Deprivation Index (FEDI) which is an ecological deprivation index, based on a European 2006 survey and French 2007 census data. This index was developed to take into account the socioeconomic and cultural particularities of the French context [15] . This index measures a deprivation score on an area-level for all the IRISs in France ("Ilots Regroupés pour l'Information Statistique": Merged Islet for Statistical Information) which are geographic zones containing approximately 2000 inhabitants. The individuals were categorised into quintiles according to the deprivation score of the IRIS in which they live. The cancer stage was determined using the American Joint Committee on Cancer Tumour Node Metastasis (AJCC TNM) classification of malignant tumours and cases were categorised into 4 classes (Stage I, II, III and IV) [16] . Hormone receptor and HER2 receptor status was determined using an immunohistochemistry exam. In case of an uncertain result for the HER2 receptor status, a FISH exam (Fluorescent in situ Hybridisation) was used to clarify the status. the molecular subtype was determined by combining the hormone receptor status and the HER2 receptor status. Individuals were classified into 4 categories: HR+/HER2-, TN (triple negative), HR-/HER2+ (HER2-Overexpressing) and HR+/HER2+. The lymph node status was classified as being either N0 for absence cancer cells found in any nearby nodes or N+ for presence of cancer cells in the lymph nodes regardless of the location. Women were categorised into 3 groups for the tumour size T0+T1 (size 2cm), T2 (size between 2 and 5cm) and T3 +T4 (size>5cm or extension either directly to the chest wall or to the skin).
Statistical analysis
Statistical analysis was performed using SAS 9.3 software (SAS Institute, Cary, NC, USA). A descriptive analysis was used to examine the demographic and clinical tumour characteristics and their distribution according to the 4 molecular breast cancer subtypes. A Chi-squared test was used to assess the association between the breast cancer subtypes and the different patient characteristics. Tests giving a p-value lower than 5% were considered to be significant. A multivariate analysis was conducted using a hierarchical polytomous regression for the multinomial outcomes for the cancer subtype and to take into account the aggregated data for the SES. This method was used to calculate the odds of having each of the subtypes compared with HR +/HER2-, after adjusting for the differences in age at diagnosis, tumour histoprognostic Scarff Bloom and Richardson (SBR) grade, tumour size and histological type in the model. Missing values were not included in our analysis and were omitted in the regression model. The class HR+/HER2-was selected as a reference class because this subtype is regarded as having a good prognosis in relation to the other subtypes [17] . score for 164 cases was not able to be determined and were then omitted from the analysis due to lack of deprivation information on their place of residence. Our final analysis was carried out on 4160 women (Fig 1) . Among the cases, HR+/HER2-were the predominant subtype and represented 70.1% of the total study population (3192 cases). This subtype is followed by the subtype HR+/HER2+ representing 11.6% (528 cases). The TN cases accounted for 8.9% (403 cases), and 4.4% of the cases were the HER2-Overexpressing subtype (201 cases). Table 1 provides a description of the sociodemographic and clinical characteristics of the patients by breast cancer subtype. The younger patients (<50 years) were found to have more frequently the TN subtype (11.7%), HR+/HER2+ (15.1%) and HER2-oOverexpressing (5.7%) subtypes when compared with the older patients. TN cases were significantly more likely to have high grade tumours (p< 0.0001). Similarly the earlier tumour stages had significantly higher proportions for the HR+/HER2-subtype compared to the other stages. In addition, the SBR grade I tumours were mainly found to be HR+/HER2-cases (85.7%) and there was a substantial amount of grade III tumours which were TN (28.1%). The tumours of size T3 (>5cm) were found to be more frequently TN cases (14.3%) compared to smaller tumours. A significantly greater proportion of the HR+/HER2+ cases were diagnosed during the first half of our study period (2003-2007) (p< 0.0001) (Fig 2) .The least affluent SES quintile (Q1) represents 30% of women. Women with HER2-Overexpressing tumours were found to belong more frequently to the most affluent SES quintile (Q5) when compared to the other subtypes. Women with TN tumours were found the most frequently in middle SES quintile. Table 2 shows the odds ratios for hierarchical multivariate polytomous regression analysis with HR+/HER2-as the reference category. No significant association was observed between SES and tumour subtype (p = 0.3956), However, we found that women older than 75 years 
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Discussion
In light of previous studies [9] [10] [11] [12] [13] [14] , we suspected a possible association between the molecular breast cancer subtype and the SES among French women in the rural county of Côte d'Or. Our findings suggest an absence of such an association. However, in our study age was found to be a factor associated with the tumour subtype. Women below the age of 50 were more at risk for TN and HR+/HER2+ tumours. This finding coincides with results found in a previous study [10] . Women with SBR grade III tumours were found to be at a considerably much higher risk of being diagnosed with HR-negative tumours when compared to lower grade tumours. The positive association between tumour grade and tumour subtype is in agreement with the literature:. Moreover, this elevated risk of HR-negative tumours could be explained by the environmental exposures and lifestyle differences between women living in France and those observed in other studies. Lymph node involvement for the TN tumours follows the trends in other studies [18, 19] . The frequency of the tumour type (lobular and ductal) is consistent with the literature and lobular tumours were associated with a substantial reduction in the risk of being diagnosed with HR-negative tumours (TN and HER2-Overexpressing) [20] [21] [22] . A strong association was found between the molecular subtype and the year of diagnosis. This trend was found to be most prominent in the HR+/Her2+ subtype with a significantly larger proportion of cases occurring in the first half of the study period. This is due to a temporary random misclassification issue encountered during 2003 and 2004 caused by an inadequately adopted procedure for receptor testing in certain pathology laboratories. In our study, the overall SES of the cases was not found to be associated with the molecular subtype at diagnosis. This finding opposes our initial hypothesis that socioeconomic related factors such as obesity and parity led to an alteration of tumour biology through an increase in hormone secretion. The lack of an association between SES and tumour subtype is consistent with a study which shows that the incidence rate of HR-negative breast cancer subtype (TN and HER2-Overexpressing) is independent of SES [9] . In contrast, A study has reported that low SES is significantly associated with an increased risk for the TN subtype [6] . These findings suggest that non-genetic and non-biological factors in the low SES environment alter the tumour biology of these patients (parity, low physical activity) [23] [24] [25] [26] . This variation in results could be explained by the different confounding factors taken into account in the various reports. Some reports found an association between ethnicity and tumour subtype. This association persisted even after controlling for differences in SES [10] [11] [12] [13] 27] . A similar report studying ethnicity, SES and tumour subtype showed contrasting results. It was shown that low SES was associated with a higher prevalence of HR-negative cancers despite the race/ethnicity of the individual [14] . The Côte d'Or breast cancer registry is not authorised to collect data on patient race and ethnicity therefore this information was not available for the study. However, Côte d'Or is a French department known to have a large Caucasian population and thus the bias is kept to a minimum.
Obesity is a major factor associated with high poverty areas. Studies where an association between SES and subtype was observed, showed that obesity and dietary habits play big role in hormone receptor status [28] [29] [30] . In obese women, there is an increase in insulin secretion in the bloodstream which provokes inflammatory reactions resulting in an increase in cytokines and tumour necrosis factor (TNF) and the Tumour growth factor β (TGF-β). The latter disturbs the genomic stability through the activation of cell-signalling pathways involved in cell proliferation such as the PI3K-AKT pathway [31] [32] [33] . As a result, obesity has been identified as the key component behind the association between SES and tumour subtype. We would have liked to take into account this factor in our study but we lacked information on individual risk factors (reproductive history and breast feeding, parity, diet, body mass index, alcohol use, oral contraceptives and hormone replacement treatments) for breast cancer and therefore we were not able to adjust on them in our regression model. A study found an association between SES and molecular subtypes. This association could be explained by differences in lifestyles of the women of different socioeconomic strata [14] , whereas other reports suggest that this association is due to innate biological and genetic differences among women with a very pronounced difference between black and white women [34, 35] .
There are several contradictory findings in the literature concerning the association between SES and breast cancer subtype. Further research is required to confirm these hypotheses. In particular, ethnicity and other risk factors like body fat need to be taken into consideration when evaluating the impact of SES.
We acknowledge that our study has some limitations that need to be considered when interpreting the data. First, it is subject to all the inherent biases associated with its retrospective design. However, these biases are limited as we had very few missing data as a breast cancer registry. Secondly, The French EDI is an ecological index used as a proxy for individual SES, and could potentially assign incorrect SES for a given individual. However, studies have shown that in France there is a correlation between the socioeconomic characteristics measured on the individual level and the IRIS level [36] . In addition, IRISs are very small geographic units (approximately 2000 inhabitants) which therefore lessen the ecological bias in our study. The smaller the geographic zone, the greater the accuracy of SES measures will be.
Finally, the major, the strength of our study lies in the use of population-based data of the Côte d'Or breast cancer registry and its extensive availability for specific tumour data like the hormone receptors and HER2 receptor status. The registry respects a strict data quality control policy which includes regular checking to ensure the complete follow-up for each patient and the use of crossing information sources. The comprehensiveness and the great quality of our data ensure that there is no selection bias, contrary to clinical trials or hospital cohorts in which patients are highly selected. Our population could therefore be considered representative of French women.
Conclusion
In conclusion, despite the adjustment of socio-demographic (age) and tumour clinical characteristics, there was no significant association found between SES and tumour subtype in French women at diagnosis of breast cancer. In light of the contradictory finding in previous studies, further studies are needed to clarify the mechanisms in the populations where this association was found significant. Special consideration should be given to confounding factors and the use of individual socioeconomic data.
